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V.D. Sidorenko 
I. Cora Daslgn 

The first unit of Novo'Poronezh Atomic Power Station was described 
repeatedly in literature [ I, 2,3]* Thensal power of this water- 
moderated %rater*-cooldd reactor Is 760 MW| which correaponds to electric 
power of 210 UW. 

The core (diameter 3 m, height ^2,5 a) consists of 549 heiahed- 
ral assemblies (key dimension - 144 pitch - 14? mm) 512 of them 
are the fuel assemblies 9 and uuo rest 37 movable control assemblies e 
The fuel assembly consists of 90 cylindrical fuel elements (exter- 
nal diameter I0#2 mni| hexagonal lattice pitch - I4f5 mm)# The fuel 
elements are filled in by pellets of sintered uranium dioxide# The 
pallets diameter is 8,7 mm, density - 9,9 - 10,1 gm/cm^. Zirconium 
oladding alloyed with niobium [3] has thickness of O.b mm. Along an axis 
of the sussembly a zirconium alloy tube was sirranged as constructive 
junction of a spacing system. During experiments these tubes were used 
as channels for neutron detectors. The external hexahedral jacket of 
the fuel assembly mde of zirconium alloy has a wsQ.! thickness of 2,1mm, 
The reactor has two kinds of the control assemblies 1 to compensate 
slow variations of reactivity (compensating assemblies) and to shut 
down a chain reaction (seifety assemblies). Upper part of the compensa- 
ting assembly is a hexahedral tube absorber with the "black" walls for 
thermal neutrons. At operating conditions this tube is filled in with 
water what made it efficient not only to thermal, but to fast neutrons " 
as well, The lower parts of the compensating assemblies are almost 
completely similar to the fuel ones • Therefore- moving of the compensa- 
ting assemblies leads to an absorber-fuel replacement in the core, 

Ihe safety assembly consists of a guide tube, an absorber and its 
follower. The zirconium alloy guide tube hexahedral outside and cylin- 
drical inside is mounted steadily in the core. Inside of the tube a 
mobile cylindrical part of the safe-ty assembly (abso^(|r and its follo- 
wer) is arranged. The absorber is made as filled with cyfindricSLl tube 
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Of extermU diujaetar 125 mia with "blaok” walls for thermal neutroni.’ 

The follower oC tho aafoty aartombly is a cylindrical zirconium alloy 
scatteror without fuel with longitudinal water channels, 

A fuli uiimbor of 37 control assemblies comprises 6 safety and 31 
compenac L ',1 ;:iK assemblies* They are uniformly arranged amidst the fuel 
assemblies of the central part of the core with mean ratio one to six 
(38' • mm pitch). 

The core design put a series of neutron and engineering problems 
tborefore considerable amount of critical experiments and also methodi- 
cal and calculating investigations have been done. Many of them are 
usual for any large power water-moderated water-cooled reactor with 
low enrichment oxide fuel* Some problems^ however^ were found specific 
ones because of peculiarities of the designed core. In particular, 
essentially high efficiency is characteristic for the control rods 
described. Therefore comparatively few number of the control rods is 
sufficient on principle for governing the reactor without any additional 
methods of reactivity compensation. Such controls, however, lead to 
considerable disturbances of the neutron and heat distribution in the 
core. Besides, the efficiency of any group of control assemblies appears 
to be strongly dependent on the amount and location of the rost ones. 
Therefore especially careful study of reactor operational features 
was necessary for rational choice of amoxmt aid location of the safety 
assemblies, division of the con^ensating assemblies into operating 
groups, their lifting succession etc. 

It is Intended the reactor to be ei^loited at stationeupy regime 
with periodical partial reload in gs {^4^ the core always consisting of 
assemblies with different fuel burn-up, t© simplify achievement of 
sv -h a regime the first fuel charge of the reactor was adopted non- 
•laiform. The first core consists of assemblies with uranim of 2,0% 
and 1,5% enrichment and with uraninni of natural composition, 

2. Cold Lattice Characteristics 

A practice of reactor core design has a deal with a number of 
different and ruther cumbersome computing tasks. It is very ingiortant 
to have a simple and effective calculating method, which taking into 
account the main physical peculiarities of the core secure practically 
sufficient accuracy. As for large uranium-water reactors, where neutron 
spectrum is not very hard, reflector action is not essential and neutron 
leakage occurs at first flight and during slowing down mainly it is 
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possible in our opinion, bo use of one group diffusion form of 
criticality condition, epithermal reactions having been taken into 
account effectively [4 , 31 • This conclusion follows from an analysis 
of uranium-water lattices experimental data [4 , 6 1 and results of 

experiments with WWER fuel assemblies particularly [7]» 

In experiments [7] the multiplicative parameters of uniform (.1,5% 
and 2,0% uranium enrichment and natural uranium) and of "mixed'V fuel 
lattices were studied. The uniform and "mixed" lattices were composed 
of WWER fuel assemblies in different combinations. 

Investigations with 1,5% and 2.0% enrichment have been performed 
by "supercritical method" to measure the multiplicative parameters emd 
verify the thoori’tical assumptions. 

In one-group approximation, which is justified in respect to the 
uranium-water lattices with not very hsird neutron spectrum, and /.**■*= "C 
the criticality condition is to he 


F = I 

F (B^M^) - Pourier-image for the point fission kernel, 

2 

B - geometrical buckling 
2 

M - migration aria 

Let the critic:.:! state of the assembly correspond to the geomet- 
rical buckling B . Then a derivative fiinction of reactivity neai‘ 

criticality is , ^ 

• ' c/3^ ' 

For F we shall use Komissarovis empiric ecpression 

F ( b¥) = ( It 

When n=l and it gives leakage escape probability in diffu- 

sion and age approximation respectively, and when n — 0.38 - approxlmat- 
ly in transport representation. Then 

fcl(? )-' _ I , 

Thus, dependence of experimentally obtained values ( on 

contains the information not only of bhe fuel lalrbice migration area 


but also of neutron leakage caracter "n" 

S .. A. f )'' 
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The values ( )r% preciaei^ luoasured ia experiments described, 

show the linear dependence up ho = 60 m The least squares treat- 
ment of data gives M*":: 49*7^“0.9 cm'" n=: 1.04- 0tO8* 

The equality of n to unit within the eKporlmental errors 
the use of diffusion approximation and the notions W ''multiplicat.ive 


ac.^ s 


provided 


coefficient” K«. and "material parameter” ^ provided 

the equation of criticality to beae^ = 

An objective of "mixed" lattice experiments was to verify the 
average procedure the multipixcativ parameters concerned and to evalu- 
ate the irregularities of heat gene. ng in the reactor with periodi- 
cally non-uniform structure. Critica-Lj... ty of the core in the experiments 
was adjusted ^ange of the moderator level. The measured multiplicative 
parameters of the lattices are compared with calculated ones in Table I, 
The effect of epithermal reactions in the calculation of the 
multiplicative parameters was account by method^ described in f4}. The 
transfer of thermal neutrons between the**of ^Siuerent kind was taken 
into account in the "mixed" lattices calculation. The calculated data 
of Table I was obtained before performance of the experiments. 

Pig. 1 presents the results of the measurements for "mixed" 
lattice, composed with assemblies of natural uranium and of 1.5^ 

0*1 . TTVio noii'h'pnn densitv ra'bio S was 


enriahment in 2:1 ratio • The mutron density ratio g was 

measured by small fission chamber (U-235)« As one could see this ratio 
keeps constant meaning along the radius of the core and equals in 
average 1..51 + 0,06, 

Pig. 2 shows the results of measurements of neutron densities 
along the assembly radius. Surrounding a.;, jiblies in this eaqperiment 
were of the same kind (1,5% uranium enrichment). The measurements were 
accomplished by method of fuel element activation and controlled by 
registration of high energy gamma-gioants to except the activation of 
zirconivua-alloy coating. 


5. Physics of WWER Control Rods 

jjff icigney of the absorbers in WWJllb is about 70% comparably with 
"black" absorber because of the large dimensions and the presence of the 
moderator inside. It depends rather slightly on Ii of the lattice oa 
'•blackness" of absorber walls for the thermal neutrons because of 1 
Particularly, the efficiency of water cavity having the dimensions of 
WWEE absorber is more than 60% of its efficiency according to fS], 
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As one could expect, the diffusion approximation is reasonable 
one for calculating the absorber efficiency, provided tho mutual 
distances between the absorbers and to tho external boundary exceed 
some migration lengths. Table II gives the comparison of ecperimontal 
and calculated data the absorber efficiency concerned. The ea 3 )eriinent 
was fulfilled with the critical core, composed of 85 1.5% " enrichment 
assemblies TS] • Absorbers were placed instead of the fuel assemblies 
aimmetrically around the core axis. Criticality of the systems was 
adjusted by the level change of the moderator. The calculation was 
made by method [9l la two-group diffusion approximation, the code 
constituted by V.I.Iebedev. 

Fig. 5 shows the distribution of thermal neutron flux for the 
composition of 81 assemblies (1.5% enrichment) and 4 absorbers. The 
measurement was made by small fission chamber U-235> Results with 5% 
uncertainties are given in comparison with calculated data (solid ciirve) 
Surface of the core and absorber boundaries were supposed cylindrical 
in calculation* 

As follows from the comparison of the experimental and calculate^ 
data concerned the efficiency of the water cavity [8]J , the one-group 
calculation may be also quite satisfactory, provided the reasonable 
choice of the effective boundary conditions for the absorbers* The 
reason is that the noticeable disturbances, caused by the absorbers, 
reveal itself in tbo region of the small statistics weights (within the 
distance of order '—L from the surface of absorbers). 

In one-group -heory the insertion of the '*black” absorbers into 
the core may be treated as the change of its geometrical buckling. 

This conclusion was confirmed experimentally by results that derivative 
of the assembly reactivity as function of moderator level within 

the eaqperimental errors is independent on the presence of absorbers in 
the core. In common case the one-group theory gives: 

J £_ _ ^ 

A,'’ h.^ 

where D is diffusion coefficient, is slowing-down cross-section, 

j is slowing-down density. This means that the mean characteristics 
of the core are defined by fuel lattice characteristics: 

IS ^ 

' /Too _ 

or (as K oo for alssorbers equals to 0 wittingly) Al. = fC>c> and 
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The calculation shows, that logai'lthmic derivative of the neutron 
denaihy at the ahaorber surface (and therefore effective geometrical 
buckling of the coi*e with bhe absorbers) rather slightly depends upon 
the reactor temperature. For this reason one could assume the effici- 
ency of the absorber to be risen as of fuel latticsi while the 

reactor heating. 

The mod*l for csdculation, treating the absorber insertion into 
the core as a change of its geometrical parameter is available to 
analyse efficiency of partly removed absorvers, effects of xenon poison- 
ing etc. In this model the calculat; n of efficiency for partly re- 
moved absorbers is reduced to finding the effective geometrical 
buckling of the core as function of absorber position 


ACp-i- =0 A^(ktJ = 


lcZ~ 

Using the approximate separation of variables 

he 

N ■ hgihsH 




( 1 ) 


( 2 ) 


where , and represent the asymptotic radial-asimutal distri- 

butions of the neutron flvuc for lower and upper sections of the core 
respectively, ^ = o , the function B^(h) can be found 

by the solution of the corresponding equations for the slab: 

A2, i- 

A ^3, ■*' fe>^- i C^eJ -iz W -• 

The results of calculation are represented in dimensionless form 
in Fig. 5 and Pig. 6, Corresponding change of nonuniformity factor for 
the axial neutron flux is shown in Pig.?. 

Flg.8 shows the example of calculation for the case of one central 
absorber removed. Olie differential absorber efficiency and 

volume nonunif ormity factor were obtained by solving 

...equation 

by method of approximate separation of variables and by method of 

.jnthesu [10] ; ^ ^ ^ ^ 
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I 


When the diffusion coefficients of fuel lattice and absorber are 
equal, the synthetic raethed gives accxirate solution of equation (1), 
provided 7^, , and to be obtained from equations* 

where and ai'e effective multiplicative factors for 

extreme upper and lower position of removable absorber group. In Pig. 8 
the diffusion coefficient of absorber equals to that of fuel lattice. 
Comparing the results one may conclude that the method of approcimate 
separation of variables gives rather satisfactory description of 
but CM give a noticeable overestimation of volume nonuniformity factor 

It may be pointed out that functions and ds. (Pig.5 and 

Pig. 6) can be used to evaluate subcriticality of the core by lifting 
of absorbers, for this functions depend on the whole efficiency of the 
absorber group only. Indeed, if criticality of the core may be reached 
by the lifting of an absoxher group, the measurements of "h^' and/^j 
for this group are sufficient to have the evaluation. 

Justification of the approcimation used was indirectly confirmed 
by the measurement of temperature reactivity coefficient ('Talack 
absorber shifting" method). The experiments were ceirred out on two 
'critical cores filled in fully with wateroThe first core consisted of 
assemblies (1.5% enrichment) and 7 absorbers of compensating 
assemblies. The second core comprised 152 assemblies and 19 absorbers. 
The absorbers were placed uniformly amidst the fuel assemblies in 
both cores. The central absorber was removable and supplied by fuel 
follower with uranium of 1.5% enriclment. The temperature dependence 
of the critical position for the central absorber and of its '^^/dL 
value w<ire measured. 

According to abovementioned assxanptions the criticality condition 
PCf>e) = o may be expressed as .{■) - where 

is material buckling of the fuel lattice. 

Derivation of this equalities, talking into account -- 

siv..= / d=:‘- 

Dh, di- io.0 ' T)i- / 

Inspite of essential differences of the core dimensions and 
compositions the temperature dependence for both series of measurements 
was found to be the same within the ei 5 >erimental uncertainties. According 
to calculation for both experimental cores term ^ weakly 

depends on temperature and contributes to less than 10%, 
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Therefore I both series of measureiceuts give a similar teinperatui*e 
dependence for temoerature coefficient of fuel lattice 

dt Km d& 

Results of measiireraents for the first core are compared with the cal- 
culated data in Table III, 

The calculation of was made by method descrllDed in section 5» 

for calculation of the method of approximate separation of 

variables was used. 

4. Bbqjloitation Characteristics of Control Rods 
Syst. 

Rational choice of amount and location of the safety assemblies, 
division of the compensating assemblies into operative groups, deter- 
mination of their permissible speeds and shifting seccession were 
rather difficult tasks for the designed WWER control rods system. It 
was necessary the following re(iuirements to be satisfied simultaneously 
at any state of the core: 

1) Compensating and seif ety assembly systems have to conform to 
"Nuclear Safety Standards for the Power Reactors in USSR" [llj ; 

2) The core heat distribution has to permit reactor running at 
fuel ‘power, 

3) Distiirbances of the neutron flux while a sharp moving of an 
operative absorber group have to be the smallest (to avoid the conse- 
quent swinging due to Xe-I35 redistribution). 

When choicing of the safety assembly locations and of compensating 
gjuoups lifting succession the most unif fuel bimnup (to have long 
core life) was keeped in mind too. 

After computing and anailysing more than 500 critical situations 
a control rods system with six safety assemblies was adopted. The 
arrangement of the system in the core and division of control rods into 
operative groups are shown in Fig, 9 (compensating groups marked accor- 
ding to their lifting succession). There is an interlock preventing 
lift of any compensating assembly before at least three safety assembliea 
to be lifted. The speeds of the compensating assemblies at manual 
control are 1 cm/sec. The speed interval at automatic control (K^^ and 
groups) is within 0 to 0.9 cm/sec. 

The typical example of the thermal neutron flux distribution in 
the core in pesence of absorbers and of safety scatterers is shown in 
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Table IV repi'eaents the calculated reaults of effective geometri- 
cal budding the efficiency of safety assemblies df;, and of 
operative compensating groups and of thermal neutron flux 

nonuniformity factor in plane > The calculation is made in 
assumption of uniform fuel enrichment and of cylindrical boundary of 
the core. Efficiencies and are not correlated with the 

criticality of the reactor (the vaiues M^/Koo were taken constant 
and equal to 43.5 and 60.0 cm^ for cold and operating conditions 
respectively, independently of amount of absorbers in the core). The 
compai-ison of for cold and operating conditions gives an information 
on temperature influence of boundary effects* 

In accordance with "Safety Standards" [ll] a special interlock 
system is foreseen to prevent the possibility of building up super- 
criticality 215’ during manipulation with the absorbers. 

Injection «f liquid absorber into the reactor coolant is provided for 
a case of the accidental sticking of the control assemblies. 

5, Choice and Characteristics of the First Fuel 
Load 

Af ter* preliiTiinar y i.malysis it was decided to exploit the reactor 
at stationary regime of 2^ enrichment uranium feeding. At three 
reloadings per fuel lifetime it is possible in this case to have fuel 
burnup of 12oOO (in presence of burnable poison). The first 

fuel load (ss - Fig. 10) imitates the core after one of the reloading 
just now finished. 

The I’ii'it cofo comprises 127 assemblies with uranium of 2% 
enrichmenu, 186 assemblies with uranium of enrichment and 50 

assemblies with natural uranium. All of 2% enrichment assemblies have 
bui“nable poison - external hexahedral jacket of the assembly contains 
about 0.07 wtjS of natural boron. Initial multiplicative properties of 
ijuch an assembly 'ire similar to those of 1.5% enrichment one . There 
18 no burnable poison in 2% enrichment follower of the compensating 
ffssembly. 

At lower position of the control assemblies the dioxide \iranium 
contents in the core is about 39.7 tons. After lifting the compensating 
assemblies it increases to 45.6 tons. The average initial uranj-um 
enrichment of the first fuel load is 1.58% and 1.62% at lower and upper 
position of the compensating assemblies respectively. 
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in TalU i'o- tho first core ar. prtaenttd 

Ih. raaotlTlty effects end fuel turnup oaleulatlons have teen 

Porth! covnt,r 11-20 Of Kurtotatov MoMo Enersjr Institute. 

ron spectrum calculation in the range of 0+0,6 eV the 
^tegral transport method was used (heavy gas approximation without 

slowing-domx in fuel). The deformation 
Of thermal neutron spectrum cased by fuel burnup is shown in Pig.Il. 

In the region of O.J eV the deformation is due to Pu-239 and Pu-24I 
resonances. 

spectrum calculation the multigroup diffusion cod. 
use L ] , ihe leakage escape probability during neutron slowing 
down was defined by averaging of corresponding cross sections over 
Ms spectrum and taking into account the first flight correction. 

At multiplicative coefficient calculation the spectrum above 0.6 eV 
was supposed to be proportionate to | . S.lfprotection of the fuel 

epithermal region was considered for isotopes U-238, Pu-240 and 
Pu-242 only. 

Effective resonance Inteeral of n-238 fur a sinsle fuel rod waa 
osculated in tha narrowerasonanc. apprerlnation. Tesparature dependanca 
Of resonance integral was admitted in accordance with [13] 

Pig. 12 represents the excess reactivity of the core in operative 
conMblon and subcriticality of the core in cold condition as function 
of fuel bum-up. The fuel burning nonuniformity adopted in calculations 
corre^onds to the chosen succession of control assemblies shifting. 

»hen this report was being written, cold core experiments 
had been completed. !Ehe initial stage of experiments was carred out 
on the core mockups. The cold critical tests of the real cor. were 
accomplished in December 1963 directly in the reactor vessel of Wovo- 
voronezh Atonic Power Station* 

Apart of a chosen core study the experimental program comprised 
the investigation of core characteristics dependence upon fuel assembly 
composition and location. Nine different core mockup compositions were 
Msembled in all. The influence of the core periphery composition on 
the efficiency of compensating system was carefully investigated 
particularly. For the adopted core version series of measurments have 
bewi done - of excess reactivity, subcriticality at the lower control 
rods position^efficiencies of control rod groups and of neutron flux 
dl8t;pi.l>\itjLoxi in th6 cor0 as wsll^ 
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Results of invostigaL-ion of tho subcriticality, the reactivity 
excess and tho control rod efficiencies at 20°C for the first core are 
presented in Table VI. The core criticality in the experiments was 
obtained by change of the moderator level. The excess reactivity and 
control jod efficiencies were accounted by integration of tho measured 
values S/aU^, , Subcriticality of the core was estimated by suitable 
treatment of inverse counting rate J , depending on the moderator level 
change. The experimental uncertainties are + 0.005 for full excess 
reactivity and + 0.0025 for subcriticality." 

Ihe full excess reactivity was measured also by poisoning with 
boron acid solution. The result 0.114+0.005 is quite compatible with 
the given in Table VI. 

Experimental data (Table YI) are in a good agreement with the 
calculated results (see Tables IV, V and Fig.I2). Discrepancies for 
the efficiencies of compensating system (0.141 + O.OO7 measured and 
0.127 caiculated) and of separate operative groups are caused by 
core nonuniformity, neglecting in calculation. Results of neutron flux 
measurments are being now in stage of treatment# 

The big collective of collaborators took direct participation in 
this workt G.Y. Andrianov, V.A. Voznesenski, V.S. Ionov, A.N.Kamishan, 
V.A. Kuzmichova, D.M, Petrunln, V.N. Semionov, V.I.Halizev and 
mathematician group: V.I.Lebedev, A.I.Kuleshov, E.D. Bel^jaeva. Authors 
express special acknowledgements to S.A. Skvortsov and N.A. Lazukov 
for guidance participation. 
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Table I. 

Multiplicative Eromotera of mm Cold Fuel Lattices 

Enrichment cm^ 

experi- caicuia- esperiment caAcu— omperiment** 
meat tion 1 nn 


ir cm " 

experi- caicula- esperiment caAcu— experiment** 
ment tion lation 


2.0 

1.5 

0.714 

2+1.5(ia) 

2+1.5(l:2) 

2+0.7(l:l) 

1.5+0.7(2:l) 


57+0.7 58 1.285+0.00? 

36.1+0.5 54.5 1.179+0.004 

-25.9+0.3 -33 0.867 

47.1+0.5 - 1.254+0.005 


45.4+0.5 

18.2+0.1 

16.7+0.1 


1.216+0. 005 
I.090+O.OO7 
I.O85+O.OO5 


calcula- 

tion 

1.281 

1.172 

0.847 

1.250 

1.215 

1.100 

1.088 


Table III 

Reaults of Temperature Measurements with Fuel Lattice 
of lm3% Enrichment 


Experiment 


Calculation 



'ih 

•1 


cm 

cm" 

I 

o 

o 

97.51 

36.2+0.5 

1,27±0.08 

103.98 

50.7+0.5 

1.55+-O.08 

113.92 

25.1+0.5 

1.44+’0.08 

126.22 

19.5+0.4 

1.54^0.08 


1.57+0.10 

1,44+0.10 

1.53+0.10 

1 . 65 + 0.10 


1.52 

1.42 

1.56 

1.74 




58.0 

33.5 

27.7 

22.4 
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Table II 

Absorber Efficiencies 


Number of 

absorbers 

In 

eiperlment 

Ralus of 
absorber 
locations 

Efficiency 

Expevlment 

10^ 

Calculation 

1 

0 

2.47+0.13 

2.37 

1 

14.7 

2.05+0.11 

1.95 • 

1 

25.5 

1.43+0.07 

1.42 

1 

29.4 

1.31+0.05 

1.26 

1 

38.9 

0.85+0.04 

0.88 

1 

44.1 

0.71+0.04 

0.70 

3 

14.7 

5.29+0.26 

5.10 

3 

25.5 

6 . 30 + 0.30 

6.10 

3 

29.4 

5.90+0.28 

5.72 

3 

38.9 

3.84+0.19 

3.65 

3 

44.1 

2.76+0.14 

2,66 

6 

25.5 

10 . 20 + 0.43 

9.90 

6 

38.9 

8 , 90 + 0.39 

8.60 

6 

44.1 

6 . 10 + 0,29 

5.85 


585 


- 14 - 
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Table 17 


Charac-fceri sties of Control fiod System (calciaated) 


lEh-e core 

conqprises 


m 

2 





/Tz, 

absorvers of 

operative 

groups 

20^0 

263®C 

Group 

20®C 

263°C 

20°C 

263®C 



55.4 

34.6 

- 

- 

- 

-* 

- 

1.67 


31.6 

30.2 

- 

- 

- 

0.0163 

0.0267 

- 

Kl-Kg 

30.0 

28.4 


O.O3I6 

0.0379 

0.0236 

0.0371 

2.79 


22*7 

22.1 


0.0124 

0.0193 

0.0265 

0.0300 

3.52 

Kj- Kg 

13 .Q 

18.9 


0.0045 

0.0051 

0.0211 

0.0314 

2.64 

oo 

18»8 

18,0 


0.0136 

0.0174 

0.0186 

0.0291 

2.21 

K5- Kg 

15.7 

15.1 

^5 

0.0067 

0.0095 

0.0127 

0.0196 

2.27 

%-^8 

14.2 

13.5 

■^6 

0.0126 

0.0161 

0.0121 

0.0188 

1.75 

- Kg 

11.3 

10.9 

^7 

0.0068 

0.0091 

0.0093 

0.0142 

1.96 

^8 

9.7 

9.4 


0.0151 

0.0209 

0.0085 

0.0134 

1.89 

- 

6.2 

5.9 

- 

- 

- 

0.0110 

0.0169 

1.88 




: 0.1269 


( 263 ^ 

0.1723 
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Table V 

Effects of Reactivity for the First Core 


Reactivity changes 


Temperature effect 

0.024 

Dpppler effect 

0.016 

Poisoning effect Xe,Sm 

0.0)9 

Fuel burn-up 

0.0)5 

Pull excess reactivity 

0.114 


Table VI 

Core Characteristics at 20°C (measured) 


The core 
comprises 
absorbers 
of operative 
group 


The Core 
Reactivity 


Efficiency of 
operative group 


group 


^9a 


Efficiency of the 
safety assemblies 


hhh-h 

-0.025 

- 

- 

- 

hh- ^8 

-0.005 

- 

- 

0.020 

1 

00 

0.0012 

% 

0.0)14 

0.026 

K2-K3 

0.0)26 

^2 

0.0154 

0.020 

K3- Kg 

0.0480 


0.0070 

0.020 

K^- Kg 

0.0550 

^4 

0.158 

0.016 

K5 - Kg 

O.O7O8 

^5 

0.0080 

0.010 

% “ ^8 

0.0788 

% 

0.0124 

0.011 

^7 " ^8 

0.0912 


0.0066 

0.009 


0.0978 

% 

0.0185 

0.009 


0.1161 


_ 

0.011 
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Oalculated data 


ri8«6* Calculated data 


at 09 10 




HI-. 

ill! , 

ICaiiKSIS 


Chnnje 

factor 

of neutron flux nonunlfonalty 
due to control rod Uftinc 

.. Y 

Reactivity p and neutron flux 
nonunlfonnity foofcor 


^0* 

1 -« approximate oeparatlon of 


'/arlables, 2 - BTntfiesls method 


5 - perturbation tiieory# 
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DlsturtaBc* of thinau nrntron 
ipaetm tea to Itol tenup (of itabij 
«f 2 por owt «DlchBMat)»fh« 

•pMtxo «xf Bonillsod ■saiMrfm 
pooor eoBotoaoj* 


Flg«12« The core exosoa rMotlvlty tad 
auborltioalitj vs full povap 
hour opaistloa (optrtting tnd 
cold uflpolfloaod ooQditioat 
rospectlrely) 
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